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Inner Sagittarius region (4 'x3 ', or 9.3x7 pc)

I
HII regions

Sgr A East (blue): extremely
energetic (=10°2 ergs) -2837 00
emission region

Sgr A West (red): Three-arm
spiral of gas and dust
streamers
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) 2 cm VLA radio of Sgr A West
Multiwavelength Observations 5 " -
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Galactic Center Region
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HESS Measurements of TeV Angular Distribution
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E2dN/dE (m” s TeV)

HESS Measurements of TeV Spectrum of Galactic Center Source
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No significant variability on any time scale



TeV Radiation from the Galactic Center Black-Hole Plerion
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Accretion Physics in the ADAF Regime

Advection-dominated accretion flow
(ADAF) model for compact objects
accreting at low Eddington accretion rate
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When M << 1, radiant luminosity
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Second-order Fermi Acceleration in the ADAF

No optically thick accretion disk

Second-order stochastic Fermi acceleration
for radio-sub mm emission

Bz (”BHMC
831 °s

for a region of size 20 rq

)= B(G)=~30¢ °Ly

Equating acceleration rate of electrons by
Whistler turbulence to synchrotron loss rate:

Yo = 200(5_153,-1)1/3[413/62 (

Tr )—11/18
2x107*

Dermer, Miller & Li 1996; Liu, Petrosian, & Melia 2004

Steady-state electron spectrum:

N(y) < y?exp(=y /y,)
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Stochastic acceleration model for radio/sub-mm emission
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Flaring Emissions from Inner Region
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First-order Fermi shock acceleration injects electrons with y < 10°, -2.2 injection index
Explains X-ray/NIR flares and short variability timescales from cooling and expansion
Self-absorbed flares at < 100 GHz from same electrons in “expanding source” scenario
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The Black Hole Plerion

Particle escape by convective outflow in
advection-dominated inflow-outflow source
(ADIOS) extension (Blandford & Begelman
1999) of ADAF model.

Assume a wind power

L, =10""L,ergss™

With speed v,

~¢/2 directed into solid
angle Q = 1 sr

Wind terminates at a subrelativistic shock at
16 y1/2 -1/2
R, . =3x10 L37 QW cm

found by equating thermal gas pressure with
energy density of wind

Electrons and protons accelerated by first-
order (shock) Fermi acceleration.

Electrons emit X-ray synchrotron radiation
to form quiescent X-ray emission

and Compton scatter
* ADAF emission

1013 Hz emission from cold dust ring
around Sgr A*




Radio/sub-mm, quiescent X-ray, TeV emission
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Galactic Center Black Hole Emission:
Ser A* ADAF + Black-Hole Plerion + Sgr A West, a black-hole remnant
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Previously Proposed Models for TeV Emission

n¥ decay vy rays from secondary nuclear production by
cosmic rays (possible accelerated by Sgr A West SNR)

Annihilation of supersymmetric dark matter particles
(Requires neutralinos of mass > 4-10 TeV)

Proton curvature radiation

TeV jet models (where 1s the jet?)

acceleration in the inner jet from shocks; would expect
significant variability
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Summary

TeV radiation from Galactic Center Region: Important
Discovery from new generation Imaging Air Cherenkov
Telescopes

Observations imply two emission regions:
(1)  Inner region near black hole
(i1)) Black hole plerion at the termination shock

New insights into black-hole accretion in the extreme ADAF
regime for GCBH; advection and convective outflow in
central accretion flow

X-ray flares are synchrotron emission within ~10 rg of GCBH

TeV y rays made by black-hole plerion, first of a new class of
nonthermal emitters



2. X-ray flares with a period of about one Flaring X-ray Emission from Sgr A*
per day, rising by factors up to 100

during several tens of minutes. >0 liaht d
Distinctive point source becomes g 19Nt days
visible at the location of SgrA*.
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Intrinsic size of Sgr A* measured

using VLBA

24(2) rg at 7 mm (43 GHz)

Resolving Sgr A*

Theoretical simulations of 1.3 cm
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